The current status of the stream-living insects and gastropods of the island of Gran Canaria in the Atlantic Canary Islands is documented. Data from semiquantitative kick samples taken in 11 streams are supplemented by non-standardized collecting in the same and ten additional streams. The kick samples included some 9,000 specimens of 98 taxa, and in total 123 taxa were recorded from the studied streams in 1994 and 1995. The stream fauna was dominated by Diptera with some 80 taxa, followed by Coleóptera with 37 species known from the island. The kick samples yielded 11-36 species per stream and visit, whereas up to 48 species were scored when all collecting methods were included. Local diversity given as Fisher's a ranged from 3.2 to 10.3. Clustering showed only weak spatial patterns and resulted in much higher similarities among localities when based on the semiquantitative samples than when based on presence/absence including records from all collecting methods. Species distributions among localities were not significantly nested. The faunal similarity with the adjacent island of Tenerife is striking. Six of the Tenerife species are seemingly absent from Gran Canaria, whereas Gran Canaria has 13 species not found in Tenerife. Most of the 22 aquatic insect species in Gran Canaria only known from older records, prefer lentic habitats not included in our study. All except one of the five species endemic to Gran Canaria are considered extinct or on the edge of extinction. Increased future extinction rates are predicted as a response of the extreme habitat loss, with only three permanent streams known on the island today. 
Introduction
The Atlantic Canary Islands, off the coast of Morocco, harbour a relatively rich fauna of stream-living macroinvertebrates with high levels of local endemism in some taxa. This interesting fauna was first investigated more intensively through the expeditions made by the Finnish entomologists Richard Frey, Ragnar Stora and Hakan Lindberg (e.g. Frey 1936 , Lindberg 1953 see Machado 1987a for a full bibliography). Besides a few later reports on selected orders or families (e.g. Báez 1985 , Balke et al. 1990 , Crosskey 1988 , Machado 1987b , more recent documentation of the entire macroinvertebrate communities is so far limited to the island of Tenerife (Armitage et al. 1995 , Malmqvist et al. 1993 , 1995 .
Of the other islands, the comparatively large and least isolated islands Fuerteventura and Lanzarote are relatively dry and are generally without permanent stream habitats (Marzol 1984) . The westernmost islands La Gomera, Hierro and La Palma are wetter, but their faunas are poorly documented. Gran Canaria has a high natural potential for harbouring a fauna as rich as that of Tenerife, due to its relative large size, high precipitation, and low degree of isolation. However, chiefly due to water diversion and forestry, the number of Gran Canarian streams has dropped from 285 to 20 between 1933 and 1973 (Alfonso Pérez 1980 , in Crosskey 1988 . Today, the number of more permanent streams is even lower.
In order to document the current situation of the Gran Canarian streams and their fauna, three of us (Báez, Malmqvist & Nilsson) visited the island on two occasions, first in March 1994 and then again in November 1995. Our major aim was to revisit stream localities known from the literature, as well as finding others that had not been documented earlier, and describe their current macroinvertebrate fauna.
Material and methods
Gran Canaria was visited for collecting during two periods : 27 March to 1 April 1994 and 16-21 November 1995. Invertebrates were collected using a combination of different techniques : hand-nets, kick-sampling, direct picking, and turning of stones. Care was taken to include all possible microhabitats. Besides this qualitative sampling, semiquantitative net samples were taken in the larger streams. The sampling procedure involved taking 30s kick samples over one m 2 areas with a small handnet. When possible three samples were taken in riffles and three in stream pools at each locality. Samples were taken so that the number of microhabitats was maximized and always included parts of the margins.
Small portable light traps were used on the following occasions in order to get adults of Trichoptera and Díp-tera to support larval identifications : Azuaje 31.iii. l.iv.1994 20.00-09.30 and 17-18.xi.1995 18.10-08.40; Mina 2 19-20.xi.1995 17.00-09.30; Soria 1 28-29.iii.1994 18.00-09.30; Tirajana 30.iii.1994 Tirajana 30.iii. 20.00-24.00, 2.Í.1995 Tirajana 30.iii. 18.30-21.30, and 16.xi.1995 .
Discharge was estimated as the product of mean depth, width, and surface velocity corrected with a coefficient of 0.67 to give mean velocity. Conductivity, pH and water temperature were measured directly in the field. Macroinvertebrate samples were sorted immediately or preserved individually in 70% ethanol and sorted out from debris later in the same day.
We used Fisheroc as a measure of diversity that is independent of sample size (Magurran 1988 , Rosenzweig 1995 . This diversity index is based on the assumption that the abundances of species fit a log-series distribution. Small, incomplete samples of other distributions almost fit the log-series.
Similarity among stream localities was analysed by tree clustering. The purpose of this algorithm is to join objects into successively larger clusters, using some measure of similarity or distance. We used the Unweighted pair-group average (UPGMA) algorithm, in which the distance between two clusters is calculated as the average distance between all pairs of objects in the two different clusters.
Nestedness analysis (Patterson & Atmar 1986 ) was used to test for structure in the distribution of species among streams. If distributions were strictly nested, each species would occur in all streams that have fewer species than the richest one in which it occurred. Deviations from this pattern were scored by summing all absences from poorer streams over all species. The significance of the resulting index was then tested against randomized data (RANDOM 1).
Studied localities
The studied localities ( Fig. 1) are listed in Tab. 1 and selected chemical and physical characteristics are given in Tab. 2. All localities sampled in 1994 were revisited in 1995 and sampled again if carrying water. The following sites were totally dry in 1995 : Brezal, Hondo de Abajo, Hornos, Mina 1 & 3, Perez dam, Soria 1 & 2. At the following sites no running water was found in 1995, but isolated pools were sampled qualitatively : Coruña, Moya, Soria 3, and Tirajana. 
List of limnic gastropods and insects known from Gran Canaria
Distributions are given directly after the species names, and coded as : (GC) endemic to Gran Canaria, (Ca) endemic to the Canary Islands (F= Fuerteventura, G= Gomera, H= Hierro, L= Lanzarote, LP= La Palma, T= Tenerife), (Ma) endemic to Macaronesia (Madeira plus the Canary Islands), (Me) Mediterranean, (WP) West Palearctic, (Ai) Africa, (Am) America, and (Co) cosmopolitan.
The following list includes all species of the treated groups that have been recorded from Gran Canaria. Our species records from the semiquantitative sampling localities are given in Tab. 3. Presence of species at the rest of the localities is given in Tab. 4.
Gastropoda Ancylidae

Ancylus striatus Quoy & Gaimard, 1833 Ma
This species was found in all but two of the streams in which semiquantitative net samples were taken (Tab. 3). Also found at all but five of the qualitative sample sites (Table 4) . The sites where it was absent tended to carry very little water or had no flow at all.
Physidae
Physella acuta (Draparnaud, 1805) Me (Co) This was the most widespread gastropod species in Gran Canaria, and we found it in all streams in which semiquantitative net samples were taken, except Soria 1 (Table 3) . Also found in qualitative samples at : Carrizal 1-2, Hondo de Abajo, and Soria 3. The sites where it was absent tended to carry very little water or had no flow at all. 
Odonata
Libellulidae indet 4 18
Orthetrum chrysostigma 2
SympBtrum lonscolombei x
Trithemis arteriosa 2
Zygonyx tórrida 2
Heteroptera
Corixa affinis x 2
Notonecta canariensis x x 4
Hydrometra stagnorum x 1 3
Microvetia graciISma x 2 1 x Velia lindbergî 12 4 1
Coleóptera
Gyrinus dejeani x 18 x x
Gyrinus urinator 1
Haliplus lineatocoliis 5 5 6 3 1 3
Bidessus minutissimus x 1 1
Herophydrus musicus x 6
Hyphydrvs maculatus 2
Hydrotarsus pibsus 1
Hydroporus errans 1 6 5 9 1 4
Graptodytes delectus x
Stictonectes canariensis 9 1 This species was first'listed from Gran Canaria by Wollaston (1864; as proliferatus). Balke et al. (1990) found it at all their localities on this island, and it was present also at the great majority of our localities (Tables 3-4) .
Tableau 3 (suite). Contenus des récoltes au filet des cours d'eau de Gran Canaria visités en 1994 et 1995. Les chiffres représentent trois récoltes de radiers (R) et de mouilles (P). La présence dans des récoltes qualitatives marquée par «x» n'est pas comptabilisée dans les totaux.
Scirtidae
Cyphon gracilicornis Wollaston, 1864 Ca (G T) This species was first described from El Monte in Gran Canaria. It is absent from our material.
Trichoptera Glossosomatidae
Agapetus adejensis Enderlein, 1929 Ca (G LP T)
The only published record of this species from Gran Canaria is that of Nybom (1948) from Las Lagunetas at 800m asl. Larvae of this species were relatively common at Cernicalos, and found nowhere else. Hydroptilidae
Hydroptilafortunata
Morton, 1893 Ma
Nybom (1948) listed Eaton's old records of this species from San Mateo and Teror, and added also a newer one from Las Lagunetas at 800m asl. We collected adults of this species in our light traps at Azuaje, Mina 2 and Tirajana, and found also some adults at Moya and Soria 3. Besides the seven localities listed in Table 3 , we found larvae also at Carrizal 1-2 and Soria 3.
Orthotrichia angustella McLachlan, 1865 Me
Adults of both sexes of this species were collected in our light traps at Azuaje both in 1994 and 1995. Besides at Azuaje, larvae were also found at Carrizal 2 in 1995. Our records are seemingly the first ones from Gran Canaria.
Oxyethira spinosella McLachlan, 1883 Ma
The only published Gran Cañarían record of this species is that of Nybom (1948) . This record is, however, ambiguous as the given locality «Hermigua, Barrancos» is situated in La Gomera. We collected one male in a light trap at Tirajana in 1995. Oxyethira larvae were found at Azuaje, Carrizal 2, Moya, and Siberio (Tables 3-4) . This species was collected at Las Lagunetas in 1931. We found larvae abundant at Cernicalos and Mina 2. They were also present at Gañanías, Guayadeque, Mina 1 & 3, and Moya (Tables 3-4) .
Simulium intermedium Roubaud, 1906 WP This species was collected at Las Lagunetas and Tafira in 1931. Besides at the eight localities listed in Table 3 , we found this species also at Brezal, Gañanías, Hondo de Abajo, Hornos, Mina 1, and Soria 3 (Table 4) .
Simulium paraloutetense
Crosskey, 1988 GC This species was collected at Las Lagunetas in 1931, and later Crosskey (1988) suggested that it had became extinct. We found larvae and pupae at Guayadeque both in 1994 and 1995.
Simulium pseudequinum Séguy, 1921 WP Previous records of this species from Gran Canaria include one without more detailed locality from 1890, Bco. Guiniguada and Tafira 1903, and Las Lagunetas, Las Palmas and Tafira 1931. We found the larvae of this species abundantly at Azuaje in 1994. They were seemingly not present there in 1995, and not found at any other of our localities.
Simulium ruficorne Macquart, 1838 Af This species was collected at Moya in 1931. We found it abundantly at Azuaje in both years, at Moya in 1994, and at Tejeda in 1995. Occasional specimens were found also at Brezal, Carrizal 1-2, and Siberio. Ceratopogonidae As our limited material of this family has not been identified to species and no recent revision is available we have refrained from dealing with this family. Larvae or pupae were found at five of our localities (Tables 3-4) . Chironomidae [As most of the older records of this family from Gran Canaria have not been revised, we list only our own ones. Distribution codes refer to the geographic area from which most records originate.] Tanypodinae Ablabesmyia dusoleili Goethghebuer, 1935 Af Adults of this species were collected in light traps at Azuaje and Tirajana. Besides the six localities given in Table 3 , larvae were also found at Carrizal 2. Larvae belonging to this genus were only found at Cernicalos and Tirajana (Table 3) .
(18)
Heterotrissocladius
Sp.
Larvae representing an unidentified species of this genus were found only at Soria 1 (Table 3) .
Limnophyes sp.
Adults of one or more unidentified species of this genus were found in fight traps at Azuaje, Mina 2, and Tirajana, and hand-collected at Soria 3. Larvae were found only at Mina 3 and Moya (Table 3) .
Orthocladius (Eudactylocladius)
fusdmanus (Kieffer, 1908) WP Our light traps collected at least six unidentified species belonging to this genus. Besides at the three localities given in Table 3 , larvae of this species were found also at Homos. Our light traps collected at least four unidentified species belonging to this genus. Besides at the five localities given in Table 3 , larvae of this genus were found also at Carrizal 1, Coruña, Hornos, and Soria 3. Báez (1981) . We here list only the species with supposedly aquatic larvae. Our own material of larvae and pupae has not been identified to species.
Limnophora quaterna (Loew, 1852) Af
This species was recorded from Gran Canaria by Becker (1908) . 
Local diversity and similarity
In total, our benthic samples from Gran Canaria included 123 taxa of limnic insects and gastropods. Of these, 98 taxa were represented in the semiquantitative net samples, including almost 9,000 identified specimens. Looking at these samples only, local species richness ranged from 11 to 36 species, with Tejeda 1994, Moya and Mina 3 being the richest localities (Table 5) . As these values are based on pooled data from riffle and pool samples, that from Siberio is underestimated due to the absence of riffle samples from this locality. When the species found only in non-standardized collections at the same sites are added, Tejeda 1994 stands out with 48, followed by Siberio with 47, Moya with 46, and Azuaje 1994 with 44 species (Table 5) . Using Fisher's oc (Magurran 1988) calculated from the semiquantitative net samples as a diversity estimate, Tejeda 1994 and Moya stand out as the two most diverse localities (Table 5) .
It is more difficult to evaluate the different number of species collected at the visits when only non-standardized collecting methods were used (Table 4) , as the results are highly dependent on the investigation effort. However, the two richest sites were apparently Soria 3 in 1994 and Hondo de Abajo with 37 and 31 taxa respectively.
Looking at the distribution of the individual taxa among the studied streams, no nested pattern was found (Patterson & Atmar 1986 ; RANDOM 1 test). Such a pattern would not be expected as the richest stream harboured only 39% of the total number of taxa found.
Faunal similarities among the localities where semiquantitative net samples were taken were estimated by UPGMA clustering. When based only on these quantitative data, some of the sites clustered at relatively high similarities ( Fig. 2A) with Cernicalos 1995, Mina 2, Moya, Siberio, Soria 1-2, and Tirajana making up one cluster. Most disparate in this analysis were Coruña, Cernicalos 1994, and Mina 3. (20) Similarities between localities were much lower when the analysis was based on presence/absence data and also the results of the non-standardized sampling was included (Fig. 2B) . Here Soria 2 clustered with Tirajana, and the two Cernicalos visits with Mina 2, whereas Moya and Mina 3 were most disparate.
Discussion
Four of the seven gastropod species found are introduced exotics. Ancylus striatus is endemic to Madeira and the Canaries, and is very common in Gran Canaria. Of the seven recorded mayfly species, only Baetis canariensis and B. pseudorhodani are Canarian endemics. Both of these species were found at a fair number of localities.
Generally, we found odonate larvae at few of our localities. However, they may have a more frequent occurrence in ponds and other habitats not sampled in our survey. Zygonyx tórrida, however, is strictly rheophilic and today seemingly restricted to Azuaje. Only Sympetrum nigrifemur is endemic to the Atlantic Islands, and this species seems presently very rare in Gran Canaria, and was found by us only at Soria 3.
Our material includes specimens of nine of the 15 species of aquatic Heteroptera known from Gran Canaria. Mesovelia vittigera and Microvelia gracillima are here reported from this island for the first time. Of the Canarian endemics, Notonecta canariensis was quite common, whereas Velia lindbergi was found at relatively few sites, and abundantly only at Cernicalos.
The aquatic Coleóptera are rich in species in Gran Canarian streams; with only Díptera being more diverse. Of the 37 beetle species known from Gran Canaria, only Aulonogyrus striatus and Eretes sticticus are seemingly extinct from this island. Stictonectes canariensis and Limnebius canariensis are the only species considered as local endemics. However, the endemic status of the Stictonectes species has been doubted (Balke et al. 1990 ). The present status of Limnebius canariensis is very uncertain as the only stream in which we did find it was totally dry in 1995. Moreover, the only other stream in which it ever has been found, in Bco. Tirajana, had only isolated pools in 1995. Of the nine Canarian endemics Hydroporus errons, Graptodytes delectus, Limnebius grac Hipes, and Laccobius canariensis all are relatively common in Gran Canaria, despite the pronounced habitat fragmentation. The other five species have very restricted distributions in Gran Canaria today. Hydrotarsus pilosus, Ochthebius lapidicola and Hydraena serricollis all seem to prefer madicolous habitats, whereas Nebrioporus canariensis and Anacaena haemorrhoa are confined to streams.
The number of records of Trichoptera species from Gran Canaria is relatively low. We found ten of the 14 species known from the island. Orthotrichia angustella, Oxyethira falcata, Stactobia storai and the unidentified Polycentropus species are here all recorded from Gran Canaria for the first time. The presence of species pairs in four of the genera has made it difficult to estimate the current status of the species as most of our records are based on larvae, which could only be identified to the genus level. As we did not find any specimens of the local endemics Stactobia freyi, Tinodes arcuata or Oecetis canariensis their present status in Gran Canaria must be considered uncertain. Species richness was highest at Azuaje and Cernicalos with four species each. However, the rarer local endemics occurred at different sites, e.g. Agapetus adejensis at Cernicalos, Stactobia storai at. Guayadeque, and Polycentropus sp. at Siberio and Tirajana.
Our list includes some 80 taxa of aquatic Díptera. This is an underestimate of their true diversity as some families like Ceratopogonidae and Ephydridae are not dealt with at the species-level. The 38 recorded chironomid taxa are hard to evaluate as so many of them could be identified only to the genus level. Our Gran Canarian record of Bryophaenocladius cuneiformis is noteable as this species was earlier known only from Tenerife.
Our coverage of the family Simuliidae is probably quite good. The Canarian endemic Simulium guimari is seemingly not very rare in Gran Canaria today. In contrast, the local endemic S. paraloutetense must be regarded as very close to total extinction. Our only record was from a very small trickle at Guayadeque.
Besides insects and gastropods, turbellarians and annelids were the most frequently encountered benthic macroinvertebrates. The turbellarians were represented in most streams by an unidentified species in the Dugesia gonocephala species group. Oligochaetes were not identified to species. Of the Hirudinea, we observed the same two species as in Tenerife . A few specimens of Limnatis nilotica (Moquin-Tandon, 1826) were observed at Azuaje in 1994, whereas Helobdella stagnalis (Linnaeus, 1758) was collected at the following 4 localities : Carrizal 1, Coruña, Siberio and Soria 3. Our records of Ostracoda have been published separately (Malmqvist et al. 1997) .
With respect to the species richness of different taxa, the similarity with the stream fauna of Tenerife is striking (Malmqvist et al. 1993) . The majority of species occur on both islands. Excluding Díptera, only six of the species recorded from Tenerife are seemingly ab- 
sent from Gran Canaria. On the other hand, 13 of the species known from Gran Canaria have not been found in Tenerife. As in Tenerife, streams in Gran Canaria share relatively few species making each site unique with respect to community structure. The only species seemingly endemic to Gran Canaria are : Stictonectes canariensis, Limnebius canariensis, Stactobia frey i, Tinodes arcuatus and Simulium paraloutetense. With the exception of S. canariensis all of them are already extinct or perhaps very close to extinction with small populations found at isolated localities.
Azuaje, Cernicalos, and La Mina may be the only three permanent streams now remaining in Gran Canaria. Water may also be present permanently at other localities, either as pools or small springs. Permanent pools may exist locally due to deep basins in rock, or where hypogean stream water reaches the surface.
We have earlier stressed the vulnerability of the freshwater fauna in Tenerife ). The present study shows that the situation in Gran Canaria is no better and we think setting up and implementing a conservation plan for freshwater macroinvertebrates would be an urgent task.
